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I. BACKGROUND AND OVERVIEW
Experts in STEM fields have long been concerned about the general publics' lack of scientific literacy, with a myriad of national science organizations pledging to better engage non-scientists. For example, NASA states that, "Using programmatic tools and resources, the Science Mission Directorate is building strategic educational and public outreach partnerships to enhance the Nation's formal education system and contribute to the broad public understanding of science, technology, engineering, and mathematics (STEM)."
1 The American Astronomical Society is more specific: "The Society promotes broad interest in astronomy, which enhances science literacy and leads many to careers in science and engineering."
2 Also discussed at a national level in a report to department leaders regarding goals for "Astronomy 101" is the stated aim to leave students "… Interested in and more equipped to follow scientific arguments in the media and more confident of their own critical faculties." 3 A group of astronomy education experts have stated that, "A worthy course goal would be for your [astronomy] students to value the pursuit of science in society as equal to the pursuit of art, ethics, and innovation." 4 The fact that all of these diverse groups of stakeholders are strategizing about how to improve science literacy and epistemologies related to science demonstrates the importance of this issue.
Introductory astronomy is taken by at least 250,000 students each year 5 and is often the only science course that non-science majors will take while pursuing an undergraduate degree. Nationally about 85% of students taking introductory astronomy are not STEM majors. 6 As scientists and teaching professionals, we understand that the general populace really does need to have a basic understanding of how science works because it can lead to better decision making. For example, should city water supplies be fluoridated? What can households do locally about global warming? Should children be vaccinated? Each of these questions can best be analyzed through the lens of scientific understanding, both at personal and societal levels. As science instructors, we have limited opportunities to ask students to examine their epistemic beliefs about science and to motivate them to see why it matters in their everyday lives. We should not hope to improve our students' scientific literacy if their underlying epistemic beliefs toward science are rudimentary. Epistemic beliefs can be defined as beliefs about what it means to learn and how knowledge is constructed. Research into student epistemologies and scientific literacy has shown that non-science majors who take general education science courses have degraded attitudes toward science upon completion of these courses. [7] [8] [9] (We note that these authors use the term "attitudes" while we prefer the more accurate "epistemologies.") Exit interviews and final exam questions in these studies revealed that many students also leave these courses concerned that the ability to learn science is an innate trait that cannot be honed. These types of lower-level science courses typically include very little explicit instruction about the nature of science, practice identifying pseudoscientific claims, or practice in metacognition.
Research related to students' epistemic beliefs about the natural sciences has been done in the past, including works by Bates, Duncan, Elby, Kalman, Lising, May, and Redish.
7,9-14 Duncan and Elby both used the same instrument as in the current study, the Epistemological Beliefs about the Physical Sciences Survey (EBAPS) 15 and their works are discussed further below.
Three studies in particular are similar to the current work, except that the populations studied were students taking introductory physics, not astronomy. Because these student populations tend to be quite dissimilar, we note these results are important, but cannot necessarily be directly translated to non-STEM majors.
Almost two decades ago, the Maryland Physics Expectations Survey was developed and validated. 9 The researchers found that students and experts had very different views about physics courses, and that students' attitudes in all six schools tested tended to degrade over the course of a semester. They mention that, "Much of what we do in introductory classes does not address the hidden curriculum of improved understanding and attitudes." Some twenty years later this is still true in many introductory science classes.
Recently, Kalman et al. 12 published a study suggesting that using a multi-pronged approach toward improving introductory physics students' epistemic beliefs may be effective. Their interventions included pre-class reading with a metacognitive reflective piece and active learning through cognitive dissonance in the classroom. Their article also includes a thorough literature review pertaining to the study of epistemologies in general, as well as a discussion of the instrument they developed and used-the Discipline Focused Epistemological Beliefs Questionnaire.
Elby studied student epistemologies using the EBAPS in both high school and college level physics courses. Also using a relatively intensive set of interventions, Elby found that students in the study did not show changes in their epistemic beliefs about either the use of evidence based reasoning in science nor their belief that the ability to learn science is an innate trait. The author did find that students had positive changes along other measures within the EBAPS including how scientific knowledge is structured and metacognition, plus the overall measure (measures are described below in Table I ).
Duncan, in a study that would go on to motivate our own work, used the EBAPS instrument in his astronomy courses. 7 Comparing the results of both a control and a test group (which had nature of science material integrated), he found that students in the control (unchanged) astronomy course answered the survey questions quite differently than students in the test course. Answers to six of the thirty EBAPS questions had statistically significant differences between the two samples, with those in the test course having more sophisticated responses. This study suggests that embedding material about the nature of science and teaching how to identify the differences between science and pseudoscience may lead to more expert-like understanding of science within the test group. However, several issues do arise with this work, one of which was suggested in his article: "We hope that our interesting results will prompt others to try similar experiments in their courses, some of which are more precisely matched." 7 As is also pointed out in the article, the classes in this study do not represent true test and control courses because the control course was the first in a two-sequence course and the test course was the second. Furthermore, the courses were taught by two different instructors.
Our investigation is akin to that of Duncan's but has overcome the shortcomings present in his study. In this current work, we collected EBAPS data for three years in Astronomy 110. It is a single semester course taught each fall and spring semester with typical enrollments of 600 and 400, respectively. Student demographics do not vary much from semester to semester with the majority of students being non-STEM majors, native to the state, and slightly more than half male. Lastly, the course was consistently taught by the same instructor, during both baseline and revised portion of the study. The overarching curiosity driving our research was whether or not simple modifications (focused on the nature of science) to a course can be enough to prevent the decay in student epistemic beliefs regarding science, as has been more commonly observed across the country. Using this motivator as our guide, we have asked and addressed the following research questions:
1. How do students' epistemic beliefs about science change over the course of a semester, as indicated by our baseline (unchanged) course? 2. How do students' epistemic beliefs about the sciences change after some basic course modifications and how does this compare to the changes seen in the unmodified course? 3. Do we see differences in epistemic beliefs when considering gender and do course modifications effect students of either gender differently? Nature of knowing and learning. Does learning science consist mainly of absorbing information? Or, does it rely crucially on constructing one's own understanding by working through the material actively, by relating new material to prior experiences, intuitions, and knowledge, and by reflecting on and monitoring one's own understanding? Thus, this axis gauges metacognition. Most experts agree that new information must be built into the web of our pre-existing knowledge. 3.
Real-life applicability. Are scientific knowledge and scientific ways of thinking applicable only to restricted spheres such as the classroom or the laboratory?… These items tease out students' views of the applicability of scientific knowledge as distinct from the student's own desire to apply science to real life, which depends on the student's interests, goals, and other non-epistemological factors. Professional scientists realize that thinking scientifically can be useful in everyday situations. 4.
Evolving knowledge. This dimension probes the extent to which students navigate between the twin perils of absolutism and extreme relativism. Experts avoid either peril. A score of four on this axis represents not falling into either trap. Other authors (Refs. 11 and 29) suggest this axis can also be viewed as measuring the extent to which students think that science is either tentative or settled.
5.
Source of ability to learn. Is being good at science mostly a matter of fixed natural ability? Or, can most people become better at learning (and doing) science? As much as possible, these items probe students' epistemological views about the efficacy of hard work and good study strategies, as distinct from their self confidence and other beliefs about themselves. Education researchers typically agree that anyone can learn science and that it is not a fixed ability.
These research questions have been addressed by administering the EBAPS as a pre-test and a post-test in four semesters of the baseline astronomy course and two semesters of the redesigned course, then analyzing matched pre-and post-test scores. The consistency of the course over these semesters helps isolate the effect course modifications alone may have on students' beliefs. To this end, we think that the findings we present will speak to a broader audience than just introductory astronomy instructors.
Our interest in exploring the role that gender may be playing stemmed from the results of research elsewhere. Studies in which the data are parsed by gender have shown that there is a gender gap in prior content knowledge and a gap in gains on concept inventories such as the Test of Astronomy Standards, 16 
II. METHODS
Epistemic beliefs, or beliefs about knowledge and learning, are not always conscious for students, which can make these beliefs difficult to measure. Although forced choice instruments are one of several ways to collect data on these beliefs, we acknowledge that within the scope of this research we are collecting snapshots of students' epistemologies about the physical sciences. Use of a forced choice instrument has the advantages of being relatively quick to administer and score. We can test students' epistemic beliefs at the start of the semester and again at the end of the semester in order to measure change. Student interviews 13 and analysis of student reflective writing 14 provide qualitative information in how students think about thinking and learning, and this is part of our future work discussed at the end of this paper.
There exist several other popular instruments that measure student epistemologies outside those mentioned in the studies above. The Attitudes and Approaches to Problem Solving survey 21 was initially developed for, and tested on, physics graduate students. Another recent assessment is called the Thinking About Science Survey Instrument. 19 Over the span of 60 items this valid and reliable instrument probes the relationship between students' views of science and what they believe the role of science within society to be.
The Colorado Learning Attitudes about Science Survey (CLASS) 8 was based on the popular Maryland Physics Expectations 9 and Views About Science Survey 22 questionnaires. The CLASS is also a valid and reliable instrument that has been administered at many institutions and used in several studies. 10, 23, 24 Questions on this instrument also center on doing and understanding physics homework problems. While originally focusing on physics, versions emphasizing biology and chemistry now exist as well. A thorough review of these types of instruments going back to 1905 is provided in Lederman 25 and a database of surveys and associated articles can be found on the Physport website. 26 Our instrument of choice for this study was the EBAPS. The authors of the EBAPS survey suggest that the instrument is both valid and reliable. 15 We completed our own test of reliability following a method similar to Perkins et al. 8 Because the demographics of the student population taking this particular course do not vary much from semester to semester, one test of the survey's reliability is to compare pre-test scores for each of the semesters the survey was administered. By performing an H-test on the four semesters of pre-test baseline data we have, we found that indeed the pre-test scores are not statistically significant from semester to semester, with v 2 ð3Þ ¼ 0:455, p ¼ 0.929 for the overall measure. In addition, H-tests along each axis also suggested no statistically significant differences. (An H-test is basically an F-test for non-parametric data.)
The EBAPS itself is relatively short at 30 questions, and measures student epistemologies regarding science along five axes as well as an overall measure. Each of the five nonorthogonal axes is described in Table I , as per the authors of the instrument. 15 While many other instruments focus on a specific topic (such as those previously mentioned), the EBAPS is geared more toward the general sciences; hence our commitment to the EBAPS (version 2) for the purposes of our research project. This survey also has been used in other research projects, including a Ph.D. thesis by Muchoney, 27 as well as articles published by Palomar, 28 Duffy, 29 and Elby. 11 We note that each of the aforementioned publications surveyed much smaller numbers of students compared to our research project and none of them included effect sizes.
Over six semesters we administered the EBAPS in our Astronomy 110 on the first day of the course and again during the last week of classes. Students completed the EBAPS survey on five option bubble sheets. The EBAPS website 15 includes a spreadsheet that converts students' bubble sheet choices to numerical answers, then groups questions along each of the five axes. Each axis ranges from zero to four, with a score of zero indicating epistemic beliefs that are novice-like, and a score of four indicating beliefs that are consistent with an expert-like scientific epistemology. Pretest and post-test scores were matched for each student to directly compare student-by-student how this snapshot of their views changed from the start of the semester to the end. Unmatched data were discarded. When comparing the pretest scores to the post-test scores along each axis a Wilcoxin signed-rank test was used. Effect sizes were calculated as well, using the Cohen's d method with pooled standard deviations. A discussion of effect sizes can be found in works by Coe, Kirk, and Rice.
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III. COURSE DETAILS
The Astronomy 110 course is geared toward non-science majors and fulfills a general education science requirement. The demographics of students enrolled in this course are similar to the demographics of the overall student population at the University. At the time of the study, the course had approximately 1000 students enrolled per academic year at a medium-sized land grant institution in the northern United States. Students taking this course were 42.1% male, 39.7% female, and 18.2% did not report their gender. Overall, the average population in the course was 45.5% freshmen, 31.2% sophomores, 12.7% juniors, and 10.6% seniors. The majority of the students are from in-state and, although we did not ask students for their racial identity, the vast majority are Caucasian. (As a whole, the institution consists of 84% self-reported Caucasian students, 54% are in-state and 54% are male.) An active learning environment 33 was created during each class meeting, but consistent reinforcement of topics regarding the nature of science were not major parts of the course.
The scientific method was introduced during the first week of class, then not directly addressed again. Major topics included naked eye/historical astronomy, cosmology, stellar evolution, and the solar system. In each 200 student section of the course, students formed learning teams each consisting of four students and these learning teams persisted throughout the semester. Students used personal response systems (clickers) each day, lecture tutorials were used during most class periods, and exams consisted of both individual and group portions. Students also completed reflective writing assignments several times during the semester. Outside of class students were asked to read from the text before coming to lecture, but no homework was assigned.
IV. REVISED COURSE
We reveal to you now the results of our baseline data, as revisions to the course were driven by the analysis of this data. After 4 semesters of EBAPS data collection from our unmodified Astronomy 110 course, we found that students were experiencing a decline in epistemic belief structure pertaining to axes two (nature of knowing and learning), four (evolving knowledge), five (source of ability to learn), and the overall measure. The decay in overall student epistemic belief structure is consistent with results across the nation. However, because the EBAPS measures specific areas, or axes, of epistemic beliefs we were able to focus revisions to these areas. Initial changes to the course have been centered on affecting axes two and four, with axis five to be addressed in future work.
When the class was revised an active learning environment was still upheld, personal response systems were still used, and learning teams were still employed. The changes implemented involved developing material focused on the nature of science, as well as explicitly relating course material to the nature of science. Any new material was added to the course in lectures that had not previously filled the entire time allotted to each class meeting. Reflective writing and other metacognitive tasks were also included to a larger degree than during the baseline portion of the study, with the goal of positively affecting axis two.
We similarly targeted student epistemic beliefs along axis four. Specifically, we addressed issues related to both absolutism and relativism. In practice, these two perils can be thought of as students treating scientific evidence as being set in stone (absolutism) or purely opinion-based (relativism). In order to address issues with absolutism, we discussed a multitude of ways in which understanding in astronomy has changed over the millennia. Classroom discussions combating absolutism include historical changes in solar system models, cosmology, and understanding the scale of the universe. To directly combat relativism, we suggested that often there are clear lines of evidence to suggest why certain things occur. For example, the seasons could be caused by Earth's proximity to the Sun, but there is compelling evidence against this. These lines of reasoning are carefully covered in class so students are exposed to the fact that science does indeed change over time (absolutism is not a valid way to consider scientific discoveries), and that sometimes one concept does a superior job of explaining phenomena; not all opinions are equal.
In general, we have asked students to search for links between their everyday lives and science, to practice metacognition, to appreciate the tentativeness of science, and to learn in various ways beyond that of simple note taking. Primary course changes are outlined below.
A. Teaching the nature of science
Because it affects all aspects of epistemic beliefs (axes two and four included), our primary goal was to make the nature of science an integral part of the course. By regularly discussing how science works and by asking students to see how science is related to their lives, we fundamentally changed our approach to teaching non-science majors. There are several definitions of the nature of science, and we adopt the definition used by Lederman: "[the nature of science] refers to the values and assumptions inherent to the development of scientific knowledge." 25 Because this topic is fairly broad, we focus specifically on several key aspects: asking students to apply the scientific method, discussing the role of skepticism in scientific discovery, and finding connections to science in their daily lives. Research suggests that the nature of science and how the scientific method is applied needs to be discussed and practiced multiple times in order for students to better understand the concepts 25, 34 and in our revised course, content relating to the nature of science was included at least once each week.
We begin on the first day of class by introducing the scientific method in colloquial terms: first, observations are made, then patterns are noticed. An explanation is imagined and from this explanation predictions are made. The loop is then closed as further observations are made to determine whether or not the prediction is consistent with the observation. Eventually, we want to communicate the explanation and predictions to other people so they can also work to determine if the predictions are consistent with their observations. Over the course of a semester the scientific method as defined above is reinforced through a variety of topics, such as moon phases, seasons, and HR diagrams. It is important to focus on each aspect of the scientific method in turn; this is to reduce cognitive overload, 35 or to allow for students to "chunk" the information. 36 The goal is to eventually have students understand the scientific method as a coherent whole.
Being skeptical goes hand in hand with applying the scientific method, because once an explanation has been developed for some phenomenon and predictions made, this information can be shared and other people can confirm or deny if the predictions are consistent with their observations. Three to four times during the semester we ask students to complete a worksheet called Science in the Media. Depending on the assignment, students are asked to find an article published by any online source, a major newspaper, or from either a.edu or.gov website. The first Science in the Media assignment is to read and analyze a website claiming the Apollo moon landings were a hoax. 40 The worksheet asks students to consider whether or not personal beliefs are driving the hoax claims, if they think the website is reliable, and whether or not they agree with the conclusions drawn by the author. It also asks students to look for websites that refute the claims, and to determine where the preponderance of evidence points. Worksheet questions were discussed with an information literacy specialist before being implemented, and are included in Appendix A.
All nature of science material in our revised course was aimed to have the greatest effect on both axes two and four, as well as the overall measure of the EBAPS. In this regard, one of our goals in including nature of science material was to share with students the understanding that learning science is a self-constructed process dependent on metacognitive activities. Furthermore, every student has the opportunity to apply science to naked eye astronomy, to practice skepticism, and relate course material to concepts they are most likely already familiar with. Lastly, by acquiring a better understanding of what science is and how it is done we believe our students will find a healthier balance between the perils of absolutism and relativism. (For any specifics or questions regarding course changes and the nature of science, we encourage readers to contact the primary author of this paper.)
B. Metacognition
Of particular interest is the extent to which we can probe students' metacognition, i.e., how they monitor their own thinking and understanding. Metacognition, or "… the notion of thinking about one's own thought or thinking process" 41 is a crucial component that enables students to undergo any conceptual change. [42] [43] [44] If a student does not focus on metacognitive activities during the learning process, they are unlikely to overcome any previous misconceptions. Metacognitive actions frequently provide learners with information that influences the selection and use of cognitive strategies. 45, 46 Research suggests that metacognition is a skill that requires practice. 47 To this end we have created several assignments that guide students to consider and analyze their own understanding. These activities include use of exit tickets, exam wrappers, writing their own exam questions, and creating visual representations. A thorough outline of these activities and what they encompass can be found in Appendix B. Assessing metacognition is no trivial task, as it is not directly observable and often involves many types of knowledge. Examples of valid instruments assessing solely metacognition include the Learning and Study Strategies Instrument (LASSI) 48 and the Metacognitive Awareness Inventory. 49 Both of these instruments consist of over 50 items, and only test metacognition. Axis two of the EBAPS allows us to measure, and therefore monitor, student metacognition.
V. ANALYSIS AND CONCLUSIONS
The research questions addressed in this study were:
1. How do students' epistemic beliefs about science change over the course of a semester, as indicated by our baseline (unchanged) course? 2. How do students' epistemic beliefs about the sciences change after some basic course modifications and how does this compare to the changes seen in the unmodified course? 3. Do we see differences in epistemic beliefs when considering gender and do course modifications effect students of either gender differently?
Question one was explored through a statistical analysis of the two years of baseline data, displayed in Table II . The second question was explored through a statistical analysis of the revised course data, shown in Table III . Comparison of the two aforementioned tables reveals differences in the revised course compared to the baseline course. Finally, question three was explored by breaking down the data by gender. Not all students provided information about gender, hence the numbers for these data are slightly smaller than the overall data. Statistics of the baseline data broken down by gender are detailed in Table IV , and for the revised course in Table V .
In the two years of baseline data, we found that students' epistemic beliefs had statistically significant declines along axes two, four, and five, as well as in the overall measure (as can be seen in Table II ). Cohen 37 would state that the effect sizes displayed in the tables suggest that each of the drops were "small" (around 0.2), while the p-values indicate that the drops were indeed measurable. In Duncan's work, 7 he found that students in his control course had statistically significant decreases from pre-test to post-test on six EBAPS questions, four of which are aligned with axis five. These declines pertaining to axis five for both Duncan's study and our own may warrant further investigation into student epistemologies regarding their source of ability to learn.
Analysis of the revised semesters revealed that students had a statistically significant drop only along axis five, as seen in Table III . There were no measurable drops along axes two, four, or the overall measure. Focused course modifications seem to have resulted in a stop to the downward slide we saw in the two years of baseline data and are further reflected in the fact that there were no measurable changes along the overall measure in the revised portion of the course. Ideally, we aim to create a significant increase in epistemic beliefs with our revisions; however, simply preventing deterioration is the current goal. We believe that including more of these modifications would continue to aid epistemological improvement, and future interviews will also expand our understanding of our students' epistemic belief structure. In comparing the baseline and revised courses, effect sizes seem to become smaller overall thus supporting our case that the extent of epistemological Table II deterioration has indeed dwindled. For reasons outlined by Gene Glass in a meta-analysis of social research, 38 we value this comparison between effect sizes over interpretations of individual effect size outcomes when possible. Regarding individual effect size interpretations, Glass goes so far as to state that "There is no wisdom whatsoever in attempting to associate regions of the effect-size metric with descriptive adjectives such as 'small,' 'moderate,' 'large,' and the like." 38 Both baseline and revised course data are shown broken down by gender in Tables IV and V, respectively. As can be seen from the baseline gender data, the drop along axis two can be primarily attributed to females, and drops along axes four and the overall measure can be attributed primarily to males. The drop along axis five, which is the largest drop of all, is seen for both males and females in the baseline portion of the study. In the revised portion of the course, male students showed a drop along axis five only. Female students did not show statistically significant changes along any axis.
Another attitude survey, the CLASS (discussed above) has shown differences between males and females when measuring their attitudes toward science. 8 Specifically, that female students showed "less expert-like attitudes on statements in the 'real world connections,' 'personal interest,' 'problem solving confidence,' and 'problem solving sophistication' categories and a bit more expert-like on some 'sensemaking/effort' type statements." 8 Our baseline findings are consistent with those findings. Based on the results of our revised course, we conclude that we are having a positive effect on our female students. We also note that the instructor for this course is female. We took care in the course to regularly state that everyone can learn astronomy and we also regularly asked our students to be active participants in their learning using gender neutral language.
As discussed above, axis five measures the extent to which students believe that learning science is a fixed or malleable trait. We have consistently seen drops along this axis during all six semesters of the study. Although we have focused predominantly on axes two and four thus far in the two semesters of the revised course, the persistence of axis five is of worthy note. Recent work by Aguilar et al. 50 suggests that targeted writing interventions may have a positive effect on students' beliefs about their own abilities to learn science. This would be an interesting intervention to pursue, although we have not done so yet.
The approach utilized in our revised course is one we believe to be widely applicable for use in science courses geared toward non-STEM majors. We have found that our student population does not vary much from semester to semester, in terms of their demographics as well as their incoming epistemic beliefs about the sciences. The population of students we have studied is similar to the overall US population of college students, so our results should hold widely. Also, the materials we have developed and philosophies we have applied are simple to implement and do not necessarily require large chunks of class time. It is our hope that these tools will be used in myriad science classes, because we can, and indeed we should, do a better job of teaching science to our future parents, teachers, and politicians.
Overall, we have found that, compared to the baseline, our revised course has caused student epistemologies to stop declining in two specific areas and the overall measure: the nature of knowing and learning, and the extent to which students fall into either peril of absolutism or relativism. We have also found that students in each of the six semesters of our study show declines in epistemologies regarding their ability to learn, i.e., they are more apt to believe that their ability to learn science is the result of natural ability and not hard work. In the revised portion of the course, this degradation is found to be statistically significant among male students only, with female students showing no changes along any axes. We note that ideally our students would leave Astronomy 110 with improved epistemic stances, and acknowledge that as a field we may have to settle for a steadiness in those epistemologies in the short term.
VI. FUTURE WORK
This research shows that students' epistemic beliefs about the physical sciences can be influenced by regular and explicit inclusion of nature of science materials within the classroom. That students' epistemic beliefs can hold steady while taking an introductory astronomy course and not decline as has been seen in our baseline data and other national studies. We continue to teach the revised version of the course and in our future work we will look more specifically at the relationships between formal reasoning ability, student attitudes, and metacognition. During the 2016-2017 academic year, we will conduct interviews with students enrolled in Astronomy 110 regarding axis five, as this axis is the one that has seen consistent declines throughout the study. Our hope is that these interviews will help guide future course modifications in an attempt to improve student efficacy regarding study habits and hard work.
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APPENDIX A: WORKSHEET QUESTIONS
Read an online article from any.edu or.gov source. The article should be about science, but does not need to be about astronomy in particular. 
Exit tickets
Before beginning the exam review (which typically occurs two days before the exam), we ask students to jot down one concept they are still struggling with, known as an exit ticket or the muddiest point. 51 Using the course learning goals as their guide, students think about what they do and do not understand and why, thus engaging in metacognition (axis two), which can help focus their studies. These slips of paper are collected and read by the instructors so we can glean insight into what students struggle with most. Answers are collated and inform teaching for the next semester. A second technique we employ occurs during review sessions, when students are asked to write their own exam questions. Research in a psychology course 52 found that students who wrote their own test questions (either multiple choice or essay style) performed better on two out of three tests compared to students who wrote no questions. Even if the quality of the questions is not high, it appears this is an effective study strategy for students. We also collect and read these.
Exam wrappers
After each of the first two midterms, we ask students to complete an exam wrapper. 47 In this reflective writing assignment, students discuss how they prepared for the exam-alone or with a group, creating flash cards or going over course materials. Students are then asked to go over their exam and look for any patterns in the questions they missed. Was one topic not understood? Did they perform poorly just on the multiple choice or just on the short answer? Finally, students are asked how they might change their study habits for the next exam. The goal of these exercises is to again have students engage in metacognition (axis two) to improve their understanding before the exam, then reflect on their exam preparation and performance after their exams have been graded and handed back.
Visual representations of knowledge
Finally, as a regular part of the course students are asked to create visual representations of their understanding, including the following examples. By drawing out a pictorial representation of an in-class demonstration, students will process information differently than by just taking notes 36, 53 and hence must practice metacognitive strategies (axis two) to translate between their notes and the representation they are creating.
A demonstration of seasonal asterisms at the front of the classroom utilized an Earth globe, around which several students acted as stars. Following this, students are asked to draw a picture in their notes that shows why Leo is a seasonal asterism. During the lecture on stellar evolution, students are asked to create a concept map describing how stars evolve and showing how the evolutionary sequence depends on the mass of the star. After taking down this information in notes, students can create a visual representation of the entire process and sum up their knowledge in a visual way. Finally, students are asked to create a Venn diagram comparing Jovian and Terrestrial planets during the section on the solar system. Using class time to let students sift through information is one way we demonstrate to our students that tasks related to metacognition are worthwhile and can increase conceptual understanding. a)
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